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The Charge Transfer Resistance : One 
important contribution to the total Faraday Impedance.
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,...,,,, CBAIU Fwhere denote the non‐periodic shares of the magnitudes.
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*Impedance Spectroscopy: Theory, Experiment, and Applications, 2nd Edition, Edited by 

















*H. Göhr, C. A. Schiller, Faraday-Impedanz als Verknüpfung von Impedanzelementen, (“Faradays 
Impedance as a Conjunction of Impedance Elements“) Z. Phys. Chem. Neue Folge 93 (1986) 105-124



































*U. Ruhrberg, Untersuchungen zum Phasengrenzverhalten von grenzflächenaktiven Wirkstoffen bei der 
Bekämpfung der Stahlkorrosion in Erdgasfördersonden, Diss. Univ. Bochum (1992). 
Mild steel Fe38Mn6 in aqueous chloride containing electrolyte in presence of CO2. 
Potential was around -0.5V vs. SHE. The pink curve in the left diagram is the ZHIT 
transform of the experimental phase angle data (red curve).
Some Experimental Results for k=k (U) (2001)*
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23cm2-PECF-single cell at a current density of 217mA/cm2. Left: Spectra series 
(complex plane representation) after starting an aimed poisoning of the anode by 
adding 100ppm CO to the fuel. Right: One spectrum (Bode representation) after 4h.
*C. A. Schiller, F. Richter, E. Gülzow, N. Wagner, Relaxation Impedance as a Model for the Deactivation 
Mechanism of Fuel Cells Due to Carbon Monoxide Poisoning, J. Phys. Chem. Chem. Phys. 3 (2001) 2113.
Some Recent Result*
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Time dependency of impedance spectra measured at -700 mV vs. Hg/HgO, silver 
membrane with 1.2 µm pore diameter
*N. Wagner, Electrochemical Characterization of Silver Gas Diffusion Electrodes during Oxygen Reduction in 
Alkaline Solution, Lecture at the 9th International EIS Meeting 2013 Okinawa.
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Frequency Impedance Spectra of Corroding Electrodes, Batteries and Fuel Cells
Impedance spectra series recorded at an SOFC-MEA at 950C under 










*A. Hahn, Analyse und Optimierung von Zirkoniumoxid-Lanthan-Manganit-Mischgefügen als 
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1,   11   j
The Influence of VC on the Impedance
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Frequency Impedance Spectra of Corroding Electrodes, Batteries and Fuel Cells
Parameter VC Low frequency limit 
Z0 = ZR ( 0)
Low frequency 
impedance course
VC = 0 Z0= Z= RHF no reactance contribution
1 > VC > 0 Z0 > Z capacitive around   1/
-1 < VC < 0 Z0 < Z inductive around   1/
VC > 1 Z0 > Z, Z’0< 0 ! capacitive around   1/
VC < -1 Z0 < Z, Z’0< 0 ! inductive around   1/
VC = 1 Z0  pure capacitive for << 1/
VC = -1 Z0  0 pure inductive for  << 1/
What is a Suitable Reference System for Testing?
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Frequency Impedance Spectra of Corroding Electrodes, Batteries and Fuel Cells
Relevant frequency range for the 
detection of for instance
• Polarization resistance in fields of 
corrosion
• Charge transfer resistance of 
battery and fuel cell electrodes
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Frequency Impedance Spectra of Corroding Electrodes, Batteries and Fuel Cells
Relevant frequency range for the 
detection of for instance
• Polarization resistance in fields of 
corrosion
• Charge transfer resistance of 
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• Gas diffusion limit resistance of a 
fuel cell anode
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Frequency Impedance Spectra of Corroding Electrodes, Batteries and Fuel Cells
Relevant frequency range for the 
detection of for instance
• Polarization resistance in fields of 
corrosion
• Charge transfer resistance of 
battery and fuel cell electrodes
• Gas diffusion limit resistance of a 
fuel cell anode
Relaxation contribution in the case of 
a passivation process
Relaxation contribution in the case of 
an activation process
Thank you for your attention !
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Cartoon showing the deposition of PTFE on the 
porous silver membrane
-F. Bidault, A. Kucernak, Journal of Power Sources , 195 (2010) 2549-2556
10. EIA, Borovetz 2014,  Norbert Wagnerwww.DLR.de  •  Chart 26
Cartoon showing the deposition of PTFE on the 
porous silver membrane and GDL from SGL (Sigracet 
35 DC)
F. Bidault, A. Kucernak, Journal of Power Sources , 195 (2010) 2549-2556
GDL from SGL (Sigracet 35 DC)
10. EIA, Borovetz 2014,  Norbert Wagnerwww.DLR.de  •  Chart 27
SEM picture of the silver membrane with 0.2µm pore 
diameter from Sterlitech Inc. (USA)
10. EIA, Borovetz 2014,  Norbert Wagnerwww.DLR.de  •  Chart 28
CV with 1 mV/s at 80°C in 10 M NaOH, O2



















10. EIA, Borovetz 2014,  Norbert Wagnerwww.DLR.de  •  Chart 29
CV‘s (1 mV/s) from -700 mV to 450 mV vs. Hg/HgO at 
80°C in 10 M NaOH, O2
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Current density at -700 mV vs. Hg/HgO and imax in the 
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10. EIA, Borovetz 2014,  Norbert Wagnerwww.DLR.de  •  Chart 31
Comparison of measured impedance spectra, 
measured in 10 M NaOH at 80°C, -700 mV vs. 
Hg/HgO after 60 minutes


































10. EIA, Borovetz 2014,  Norbert Wagnerwww.DLR.de  •  Chart 32
Time dependency of impedance spectra measured 
at -700 mV vs. Hg/HgO, silver membrane with 1.2 
µm pore diameter
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